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Description 

BACKGROUND  OF  THE  INVENTION 

5  This  application  is  a  division  of  European  Patent  Application  86113657.0  (EP-A-0217403),  filed  October 
3,  1986. 

Technical  Field 

10  This  invention  relates  generally  to  analytical  devices  having  a  plurality  of  readable  results  through  the  use 
of  procedural  control  and  analyte  binding  areas  at  a  single  reaction  site.  More  particularly,  the  present  invention 
relates  to  novel  devices  useful  in  the  performance  of  binding  assays,  and  to  improved  analytical  devices.  The 
concepts  of  the  present  invention  are  especially  advantageous  in  the  performance  of  enzyme  immunoassay 
of  biological  fluids  such  as  serum,  plasma,  whole  blood,  urine,  spinal  and  amniotic  fluids,  mucus  and  the  like. 

15 
Background  Art 

Various  analytical  procedures  and  devices  are  commonly  employed  in  assays  to  determine  the  presence 
and/or  concentration  of  substances  of  interest  or  clinical  significance  which  may  be  present  in  fluids  or  other 

20  materials.  Such  clinically  significant  or  interesting  substances  are  commonly  termed  "analytes",  and  can  in- 
clude,  for  example,  antibodies,  antigens  and  the  broad  category  of  substances  commonly  known  by  the  term 
"ligands".  Particularly  with  respect  to  the  diagnosis  and  treatment  of  disease  or  other  conditions  of  the  human 
body,  the  accurate  determination,  on  a  timely  basis,  of  the  presence  or  amount  in  biological  fluids  of  certain 
analytes  which  are  of  clinical  significance  can  have  a  profound  influence  on  the  ability  of  health  care  profes- 

25  sionals  to  treat  and  manage  pathological  physical  disorders,  or  to  make  an  early  and  accurate  determination 
of  physiological  conditions  such  as  pregnancy. 

One  assay  methodology  which  has  been  increasingly  applied  in  the  diagnosis  of  various  disorders  and  con- 
ditions  of  the  human  body  is  the  binding  assay,  and  in  particular  the  type  of  binding  assay  known  as  enzyme 
immunoassay  (EIA).  EIA  techniques  take  advantage  of  the  mechanisms  of  the  immune  systems  of  higher  or- 

30  ganisms,  wherein  antibodies  are  produced  in  response  to  the  presence  of  substances  (i.e.,  antigens)  in  the 
organisms  which  are  pathogenic  or  foreign  to  the  organisms.  One  or  more  antibodies  are  produced  in  response 
to  and  are  capable  of  reacting  with  a  particular  antigen,  thereby  creating  a  highly  specific  reaction  mechanism 
which  can  be  advantageously  utilized,  in  vitro,  to  determine  that  particular  antigen. 

Conventional  ElAprocedures  involve  a  series  of  wet  chemistry  steps  using  liquid  reagents,  wherein  an  ana- 
35  lyte  in  a  sample  biological  fluid  under  assay,  e.g.,  an  antigen  or  antibody  in  a  test  sample  of  urine,  whole  blood 

or  serum,  is  detected.  In  one  type  of  EIA  procedure,  the  analyte  in  the  sample  initially  becomes  bound  to  a 
corresponding  antigen  or  antibody  reagent  which  is  introduced  into  the  sample.  Then,  another  antigen  or  an- 
tibody  is  introduced.  This  second  antigen  or  antibody,  however,  is  one  which  has  been  labeled  or  conjugated 
with  an  enzyme  or  other  substance  capable  of  producing  or  causing,  often  when  reacted  with  or  in  the  presence 

40  of  an  additional,  suitable  indicator  reagent  such  as  a  chromogen  or  dye,  a  detectable  response  such  as  color 
development.  The  detectable  response  so  produced  can  then  be  read  and  interpreted,  visually  or  instrumen- 
tally,  as  an  indication  or  measure  of  the  presence  or  amount  of  the  antigen  or  antibody  present  in  the  original 
sample. 

Solid-phase  EIA  procedures  are  generally  considered  preferable  for  both  antibody  and  antigen  assays  be- 
45  cause  of  their  safety,  ease  of  use,  specificity  and  sensitivity  by  comparison  with  heretofore-employed  liquid  re- 

agent  binding  assay  techniques  such  as  radioimmunoassay  (RIA),  and  other  conventional  wet  chemistry  meth- 
odologies.  Moreover,  the  possibility  of  reading  color  development  instrumentally,  such  as  by  use  of  a  spectro- 
photometer,  is  a  feature  of  many  solid-phase  EIA  techniques  which  has  resulted  in  their  wide-spread  use. 

Thus,  in  one  type  of  conventional  solid-phase  EIA  "sandwich"  assay,  a  test  sample  suspected  of  containing 
so  an  antibody  or  antigen  of  interest  is  initially  contacted  by  a  solid,  substantially  inert  plastic  or  glass  bead  or 

other  support  material  which  has  been  previously  coated  with  a  protein  or  another  substance  capable  of  reac- 
tion  with  the  antigen  or  antibody  to  retain  it  on  the  surface  of  the  support,  either  by  immobilization  of  the  antigen 
or  antibody  on  the  surface  or  by  chemical  binding  therewith.  A  second  antigen  or  antibody,  which  is  usually 
conjugated  (linked  chemically)  with  an  enzyme,  is  then  added  and  this  second  species  becomes  bound  to  its 

55  corresponding  antibody  or  antigen  on  the  support.  Following  one  or  more  washing  step(s)  to  remove  unbound 
material,  an  indicator  substance,  for  example,  a  chromogenic  substance  reactive  in  the  presence  of  the  enzyme, 
is  then  added  and,  because  of  its  sensitivity  to  the  presence  of  the  enzyme,  produces  a  detectable  color  re- 
sponse.  The  development  of  the  color  response,  its  intensity,  etc.  can  be  determined  visually  or  instrumentally, 
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and  correlated  with  the  amount  of  antigen  or  antibody  which  was  present  in  the  sample. 
Such  assay  techniques,  and  the  use  of  the  solid-phase  bead  or  other  types  of  supports  for  conducting  the 

immunological  reactions  and  changes  necessary  in  such  assays,  are  well  known,  but  have  not  been  without 
drawbacks.  For  example,  the  necessity  of  elaborate  apparatus  for  conducting  the  assay  and  for  containing  the 

5  liquid  reagents  employed  often  results  in  substantial  labor  and  equipment  costs,  especially  for  low-volume  test- 
ing  of  individual  samples.  Moreover,  the  accuracy  and  reproducibility  of  such  assays  may  often  be  less  than 
optimum,  since  it  is  sometimes  difficult  to  manufacture  conventionally-coated  solid  supports  and  other  appa- 
ratus  associated  with  such  assays  so  that,  for  a  particular  assay,  all  of  the  materials  used  therein  are  specifically 
designed  to  meet  predetermined  sensitivity  and  specificity  requirements. 

10  A  significant  drawback  in  known  assays  is  the  difficulty  in  interpreting  the  result.  For  example,  U.S. 
4,632,901  discloses  a  solid  phase  assay  device  employng  a  membrane  placed  over  an  absorbent  material.  A 
captive  reagent  or  antibody  is  immobilized  in  a  localized  area  on  the  membrane.  Sample  and  development  re- 
agents  are  added  to  the  membrane  to  produce  a  visual  readout.  However,  in  this  system,  there  is  no  mechanism 
assuring  that  the  reagents  have  been  properly  added  or  that  they  have  functioned  properly.  An  invalid  result 

15  cannot  be  distinguished  from  a  negative  result. 
The  device  disclosed  in  EP-A-200,381  partially  resolves  the  problem  by  providing  a  discrete  zone  capable 

of  indicating  a  valid,  negative  result.  However,  even  in  this  device  it  is  possible  for  the  user  to  contact  one  dis- 
crete  zone  with  drops  of  the  reagent,  yet  not  contact  the  other  zone(s).  Because  the  zones  are  discrete  and 
separated,  it  does  not  completely  solve  the  aforementioned  problems. 

20  Accordingly,  a  need  exists  for  relatively  simple,  easy-to-use  and  comparatively  inexpensive  solid-phase 
materials  and  analytical  devices  which  advantageously  can  be  used  in  EIA  procedures,  particularly  by  lay  per- 
sons,  and  which  are  capable  of  producing  rapid,  sensitive  and  easily  read  results  comparable  to  conventional 
methodologies  such  as  the  aforedescribed,  without  the  necessity  for  numerous,  cumbersome  wet  chemical 
steps  or  complex  instrumentation. 

25 
SUMMARY  OF  THE  INVENTION 

According  to  one  aspect  of  the  invention,  the  above-cited  problems  are  solved  by  a  solid  phase  assay  de- 
vice  as  defined  in  claim  1. 

30  According  to  another  aspect  of  the  invention,  the  above-cited  problems  are  solved  by  a  method  of  using 
a  solid  phase  assay  device  as  defined  claim  11. 

The  present  invention  directly  addresses  the  foregoing  need,  and  provides,  in  one  aspect,  a  novel  solid- 
phase  analytical  device  and  a  binding  assay  using  the  device,  which  is  highly  advantageous  over  devices  and 
assay  methods  of  the  prior  art.  In  another  aspect,  the  present  invention  provides  unique,  on-board  procedural 

35  controls  for  use  with  solid  phase  analytical  devices. 
The  improved  device  of  the  invention  comprises  a  reaction  site  for  performing  a  binding  assay.  In  a  pre- 

ferred  aspect,  a  flow-through  assay  device  employs  a  substantially  planar  reaction  layer  having  a  first  sample- 
contacting  surface  and  a  second  surface  opposed  to  the  first  surface.  The  planar  layer  is  disposed  in  the  device 
such  that,  when  the  device  is  used  in  the  performance  of  a  binding  assay,  at  least  a  portion  of  the  sample  con- 

40  tacting  the  first  surface  passes  through  the  substantially  planar  layer  to  the  second  surface.  It  is  preferred  that 
the  device  of  the  invention  comprise  absorbent  means  (for  absorbing  fluid  passing  through  the  substantially 
planar  layer). 

The  concepts  of  the  invention  are  advantageous  not  only  in  the  performance  of  binding  assays  to  determine 
the  unknown  presence  or  concentration  of  various  analytes  in  test  samples,  but  also  to  provide  on-board  con- 

45  trols  for  solid-phase  assay  devices.  As  described  in  more  detail,  infra,  the  preferred  solid-phase  analytical  de- 
vices  in  accordance  with  the  invention  incorporate  assay  controls,  such  as  a  visible  positive  control  area  for 
displaying  a  negative  result  which  enables  unambiguous  interpretation  of  test  results  in  a  visual  assay  system. 

In  addition,  according  to  the  present  invention  improved  methods  for  performing  a  binding  assay,  utilizing 
the  device  of  the  invention,  are  provided.  In  one  such  preferred  method,  a  sample  containing  an  analyte,  e.g., 

so  antigen  or  antibody,  is  contacted  with  a  reaction  matrix  made  from  a  porous  material.  The  analyte  becomes 
bound  to  the  reagent  within  the  material;  the  reaction  surface  is  then  contacted  with  a  second  "labeled"  reagent 
also  capable  of  becoming  bound  to  the  analyte  which  is  bound  by  the  reagent  retained  within  the  material.  Al- 
ternatively,  the  second  reagent  can  be  an  unlabeled  antibody,  followed  then  by  addition  of  labeled  substance 
or  reagent  directed  against  the  antibody  (Amplification  or  Indirect  immunoassay).  Thereafter,  unbound  material 

55  is  removed,  e.g.,  by  washing  ,  and  the  device  is  contacted  with  an  indicator  substance  which,  in  the  presence 
of  the  "label"  of  the  second  reagent,  produces  a  detectable  response  which  is  indicative  of  the  presence  and/or 
amount  of  the  analyte  in  the  sample. 

Such  a  detectable  response  can  be  read  visually  or  instrumentally,  and  can  advantageously  be  a  color  re- 

3 
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sponse.  Although  many  other  shapes  falling  within  the  invention  may  become  apparent  to  one  of  skill  in  the 
art,  the  response  is  most  desirably  in  the  form  of  the  visible  appearance  of  a  "+"  or  "-"  sign  to  indicate  the  result 
of  the  assay,  particularly  if  only  positive  or  negative  results,  respectively,  from  the  assay  are  necessary  or  de- 
sired.  Alternatively,  quantitative  or  semi-quantitative  results  can  be  obtained  by  visually  or  instrumentally  read- 

5  ing  the  detectable  response. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  side  view  in  partial  cross  section  of  an  analytical  device  in  accordance  with  the  present  invention. 
10  Fig.  2  is  a  top  plan  view  of  the  device  of  Figure  1  . 

Figs.  3A,  3B  and  3C  are  top  plan  views  of  a  particularly  preferred  embodiment  of  the  device  of  Fig.  1  . 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

15  The  novel  readable  responses  of  the  present  invention,  and  devices  produced  therefrom,  although  appli- 
cable  to  many  types  of  analysis,  are  especially  advantageous  when  used  in  immunoassays,  to  improve  con- 
ventional  solid-phase  immunoassay  techniques  for  performing  colorimetric  or  other  EIA  of  biological  fluids, 
such  as  previously  described.  Moreover,  devices  produced  in  accordance  with  the  invention  are  relatively  easy 
to  use,  and  require  fewer  procedural  steps  and  less  complex  assay  technique,  by  comparison  with  prior  art 

20  assays,  and  also  provide  the  additional  advantage  of  rapid  quantitative,  semi-quantitative  or  qualitative  results 
for  testing  of  unknown  samples.  The  material  and  devices  are  additionally  adapted  for  advantageous  use  as 
controls,  e.g.,  to  assess  the  accuracy  and  reliability  of  such  assays.  Moreover,  during  manufacture,  devices  of 
the  invention  can  be  relatively  easily  made.  Assays  utilizing  such  devices  of  the  invention  have  also  been  found 
to  be  highly  sensitive  to  various  levels  of  analytes.  The  foregoing  advantages,  as  well  as  other  advantages, 

25  will  be  apparent  from  the  detailed  description  of  the  invention  as  set  forth  herein. 
The  concepts  of  the  present  invention  are  applicable  to  various  types  of  binding  assays.  Schematic  rep- 

resentations  of  examples  of  several  such  types  of  assays  for  antigen  and  antibody  analytes  can  be  found  in 
EP-A-  217  403,  from  which  this  application  is  a  division.  Those  skilled  in  the  art  can  conceive  of  many  other 
types  of  assays,  including  analytes  other  than  antigens  or  antibodies,  to  which  the  present  inventive  concepts 

30  can  be  applied. 
Referring  to  Figs.  1  and  2  of  the  drawings,  an  embodiment  of  an  analytical  device  of  the  present  invention 

is  shown  generally  at  10  (commercially  available  from  Abbott  Laboratories,  North  Chicago,  Illinois  under  the 
trademark  ABBOTT  TESTPACK).  The  preferred  device  10  includes  a  substantially  planar,  generally  circular, 
disk-shaped  reaction  matrix  12.  The  matrix  12  is  disposed  within  the  device  10  such  that  within  the  matrix  12 

35  the  various  chemical  reactions  and  changes  necessary  to  a  binding  assay  can  take  place  when  the  device  10 
is  used  in  the  performance  of  such  assays,  to  determine  the  presence  or  amount  of  analyte(s)  in  a  sample 
under  analysis.  The  matrix  12  has  a  sample-contacting  surface  (reaction  site)  12a  and  a  surface  12b  opposed 
therefrom;  a  preferred  composition  of  the  matrix  12  is  described  in  greater  detail  in  the  Examples,  infra,  and 
in  the  aforementioned  EP-A-  217  403. 

40  The  preferred  device  10  further  comprises  absorbent  means  20  disposed  in  the  carrier  14,  as  shown,  for 
absorbing  fluids  during  use  of  the  assay  device.  The  absorbent  means  20  of  the  device  10  can  comprise  one 
or  more  layers  of  material  and  is  in  physical  contact,  as  shown,  with  the  barrier  material  1  8,  when  used,  or  with 
the  reaction  matrix  12.  This  especially  advantageous  feature  enables  excess  fluid,  during  the  performance  of 
an  assay  using  the  device  10,  to  be  easily  absorbed,  as  necessary,  after  passage  of  such  excess  fluid  from 

45  the  reaction  matrix  12  during  the  assay  procedure.  The  absorbent  means  20  can  be  virtually  any  moisture  or 
fluid-retaining  material,  e.g.,  that  available  from  James  River,  and  designated  "105  point"  or  "50  point",  or,  as 
is  especially  preferred,  a  combination  of  one  of  more  layers  of  each  of  the  foregoing. 

In  another  aspect  of  the  device  10,  barrier  means  are  provided  for  restricting  fluid  flow  in  solid  phase  ana- 
lytical  devices.  This  aspect  is  particularly  advantageous  when  used  in  solid  phase  analytical  devices  having  a 

so  permeable  reaction  surface  or  matrix,  or  filter  layer,  and  an  absorbant  layer  for  absorbing  fluids  used  in  the 
device  to  permit  the  flow  of  fluids  from  the  reaction  surface  to  the  absorbant  means  or  layer  while  preventing 
the  back  flow  of  fluids  from  the  absorbant  layer  to  the  reaction  matrix. 

As  shown  in  Figure  1,  the  barrier  means  comprises  a  layer  of  barrier  material  18  extending  under  the  matrix 
12  and  within  the  carrier  14.  The  barrier  material  18  is  in  contact  with  the  surface  12b  of  the  matrix  12,  and 

55  functions,  when  the  device  is  in  use,  to  restrict  fluid  passing  through  the  matrix  12,  to  and  through  the  surface 
12b,  and  into  the  layer  18,  from  re-contacting  the  surface  12b.  It  is  to  be  appreciated  that  although  it  is  most 
preferred  in  a  device  of  the  invention  to  utilize  the  layer  18  as  a  fluid  restrictive  layer,  to  help  to  prevent  or  elim- 
inate  "background"  interference  in  the  matrix  12,  this  feature  is  not  essential  or  critical  to  the  basic  functions 

4 
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or  concepts  of  the  matrix  12,  and  usually  can  be  omitted  from  the  device  if  desired.  If  omitted,  the  device  gen- 
erally  will  perform  satisfactorily  in  an  assay,  but  possibly  with  less  sensitivity  (diminished  detectable  response). 

The  layer  1  8  can  comprise  any  suitable  material  capable  of  restrictive,  substantially  "one-way"  flow  of  fluid 
or  moisture.  Examples  of  especially  suitable  materials  for  this  purpose  are  polyethylene  weave  materials  man- 

5  ufactured  and  sold  by  Ethyl  Visqueen  Corp.,  Baton  Rouge,  Louisiana  under  the  designations  "X-6057"  (25.4nm, 
1.0  mil)  and  "X-6108"  (31.75nm,  1.25  mil)  as  well  as  those  materials  described  in  U.S.  Patents  3,929,135  and 
4,342,314. 

It  is  to  be  appreciated  that  in  addition  to  the  capability  of  the  device  10,  as  described  infra,  to  produce  a 
visually-readable  response  such  as  color  development  indicative  of  an  analyte  in  a  test  sample,  instrumental 

10  determination  can  be  made  of  a  detectable  response  therefrom,  e.g.,  corresponding  to  the  reflectance  of  visible 
light,  or  intensity  of  fluorescence  or  the  like,  produced  by  the  matrix  12  as  a  result  of  the  chemical  and  biological 
reactions  and  changes  which  occur  therein  when  an  assay  is  performed.  Accordingly,  the  detectable  response 
from  the  device  10  can  be  measured  by,  for  example,  a  conventional  spectrophotometer.  For  example,  if  the 
detectable  response  in  the  matrix  12  produced  by  the  reactions  and  changes  during  a  particular  assay  is  one 

15  wherein  a  color  is  developed,  and  wherein  increasing  color  development  indicates  an  increasing  level  of  a  par- 
ticular  analyte  in  a  test  sample  undergoing  analysis,  then  a  diminishing  level  of  light  reflected  from  the  matrix 
12  to  the  spectrophotometer  corresponds  to  that  increased  level  of  analyte  in  the  sample.  The  interpretation 
of  such  results  is  capable  of  being  accomplished  in  ways  well  known  to  those  skilled  in  the  art,  such  as  by  con- 
version  of  analog  signals  generated  by  the  detector  of  the  spectrophotometer  to  digital  information  using  largely 

20  conventional  electronics.  Such  electronics  are  also  well  known  to  those  skilled  in  the  art,  and  are  capable  of 
producing  a  human-readable  signal  from  such  digital  information  which  corresponds  or  correlates  to  the  pres- 
ence  and/or  amount  of  analyte  in  the  test  sample. 

According  to  the  invention,  the  fibrous  reaction  material  preferably  has  a  plurality  of  substantially  spherical, 
solid  particles  having  an  average  diameter  of  from  about  0.1  to  about  10  (microns)  or  more,  most  preferably 

25  from  about  0.1  to  about  5  (microns),  retained  and  immobilized  upon  the  fibers  of  the  material.  By  "retained 
and  immobilized"  is  meant  that  the  particles,  once  upon  the  fibers  of  the  material,  are  not  capable  of  substantial 
movement  to  positions  elsewhere  within  the  material,  (i.e.,  to  other  fibers),  or  cannot  be  removed  completely 
from  the  material  without  destruction  thereof.  The  mechanism  by  which  the  particles  are  so  retained  and  im- 
mobilized  is  not  known,  but  may  be  due  to  physical  surface  attractions  between  the  fibers  and  the  particles, 

30  and/or  between  the  particles  themselves.  The  particles  can  be  selected  by  one  skilled  in  the  art  from  any  suit- 
able  type  of  particulate  material  known  generally  as  "microparticles";  such  particles  are  typically  composed, 
e.g.,  of  polystyrene,  polymethylacrylate,  polypropylene,  latex,  polytetrafluoroethylene,  polyacrylonitrile,  poly- 
carbonate  or  similar  materials.  Whatever  type  of  microparticles  is  selected  for  use  in  the  invention,  it  is  important 
that  the  substance  or  substances  of  which  the  particles  are  composed  be  capable  of  holding  on  the  surface 

35  of  the  particles  a  substance  capable  of  reaction  with  an  analyte  in  a  test  sample,  e.g.,  antibody  or  antigen,  or 
a  combination  thereof,  or  be  itself  capable  of  holding  an  analyte  on  the  surface  of  the  particles.  Moreover,  the 
size  of  the  particles  is  not  critical,  and  so  long  as  the  average  diameter  of  the  particles  is  substantially  within 
the  aforestated  range  (although  it  is  preferred  that  the  average  diameter  of  the  particles  be  smaller  than  the 
average  pore  size  of  the  fibrous  matrix),  any  type  of  particles  having  the  foregoing  properties  is  suitable  for 

40  use.  A  generalized  example  for  one  presently  preferred  "sandwich"  immunoassay  procedure  utilizing  the  ma- 
terial  of  the  instant  invention  is  as  follows: 

Step  a)  Retention  of  antibody  or  antigen  upon  the  particles  in  the  material,  forming  a  reaction  matrix,  as 
previously  described; 
Step  b)  Application  of  a  test  sample  containing  antigen  or  antibody  to  be  determined  to  the  matrix; 

45  Step  c)  Application  of  an  enzyme-conjugated  antibody  or  antigen  to  the  antigen  or  antibody  of  Step  b); 
Step  d)  Washing,  to  remove  unbound  material;  and 
Step  e)  Application  of  an  indicator  substance  which,  in  the  presence  of  the  enzyme  portion  of  the  conjugate 
of  Step  c),  produces  a  detectable  color  or  other  response  in  the  reaction  matrix. 
A  more  detailed  discussion  of  how  such  "sandwich"  assay  procedures  can  advantageously  be  carried  out 

so  using  the  device  of  the  present  invention  is  set  forth  in  the  Examples,  infra. 
In  accordance  with  the  present  invention,  a  detectable  response  is  produced  at  the  reaction  surface  or  site 

on  a  porous  material  or  reaction  matrix  of  an  analytical  device;  the  response  is  one  which  is  indicative  of  the 
presence  and/or  amount  of  an  analyte  in  a  sample  under  analysis.  Such  a  detectable  response,  in  preferred 
embodiments  of  the  invention,  can  be  color  development  following  a  series  of  assay  steps,  such  as  those  pre- 

ss  viously  described,  or  can  be  any  number  of  responses  well  known  in  the  analytical  arts  and  used  for  similar 
purposes.  For  example,  the  response  produced  can  be  one  of  fluorescence,  provided  appropriate  reagents  are 
employed  in  the  assay,  as  is  well  known  to  those  skilled  in  the  art.  The  response  can  be  also  chemilumines- 
cence,  or  any  of  a  variety  of  radiative  energy  responses  (e.g.,  radioactive  emissions)  detectable  either  visually, 
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or  instrumentally  by  various  known  equipment.  Thus,  it  is  to  be  especially  appreciated  that  in  use  of  the  mate- 
rials  and  devices  of  the  invention,  many  different  types  of  detectable  responses  are  possible  and  desirable  and 
the  inventive  concepts  are  not  limited  thereby. 

In  a  very  important  aspect  of  the  invention,  "on-board"  procedural  control  areas  are  provided  on  solid  phase 
5  analytical  devices  to  simultaneously  display  detectable  responses  corresponding  to  a  positive  control  area 

(which  will  display  a  detectable  response  indicative  of  a  valid  assay  result,  regardless  of  the  presence  or  ab- 
sence  of  an  analyte  of  interest  in  a  test  sample),  a  negative  control  area  (which  will  display  a  detectable  re- 
sponse  change  only  if  the  assay  results  are  invalid)  and  the  sample  analyte  area  in  a  single  analytical  device 
reaction  site.  In  this  aspect  of  the  invention,  the  same  volume  of  a  test  sample  and  assay  reagents  are  simul- 

10  taneously  placed  in  contract  with  the  procedural  controls  and  test  areas,  thereby  avoiding  the  necessity  of  sep- 
arate  control  tests  as  generally  practiced  in  the  art. 

The  method  of  application  of  sample  and  reagents  to  the  reaction  site  can  be  any  manner  appropriate  for 
the  particular  device  used.  For  example,  in  the  preferred  flow-through  assay  device,  sample  and  reagents  can 
be  applied  in  a  drop-wise  fashion  or  otherwise  poured  onto  the  procedural  control  and  test  areas  such  that  the 

15  precise  volumes  of  sample  and  reagent  are  contacted  to  the  reaction  site.  Alternatively,  the  reaction  site  may 
be  immersed  in  a  sample  solution  which  may  also  contain  certain  reagents.  Regardless  of  the  particular  device 
used,  the  reaction  site  containing  the  procedural  controls  (negative  control  and  positive  control)  and  analyte 
binding  area  is  simultaneously  contacted  by  applications  of  reagent  and  sample. 

It  will  be  apparent  to  those  skilled  in  the  art  that  the  procedural  controls  or  readable  results  of  the  invention 
20  need  not  be  used  with  the  preferred  microparticle  matrix  and  device  described  herein.  Rather,  they  may  be 

similarly  employed  with  any  analytical  device  having  a  reaction  site  capable  of  simultaneously  displaying  a  plur- 
ality  or  multiplicity  of  reaction  results.  Such  other  types  of  reaction  surfaces  include,  for  example,  coated  or 
uncoated  fiber  matrices,  filters,  paper  or  membranes,  relatively  planar  solid  surfaces  and  the  like. 

Referring  now  to  Figures  3A-C,  on-board  negative  and  positive  control  areas  30  and  32,  respectively,  are 
25  preferably  provided  at  the  reaction  site  on  the  reaction  surface  or  matrix  12  of  the  analytical  device  10.  The 

negative  and  positive  control  areas  may  function  in  a  quantitative  manner  thereby  functioning  as  negative  and 
positive  assay  reference  controls,  or  may  function  in  a  qualitative  manner  thereby  functioning  as  procedural 
controls  indicating  the  validity  of  procedures  and  reagents  used  in  the  performance  of  an  assay.  As  used  herein, 
the  term  "control"  includes  both  quantitative  and  qualitative  embodiments. 

30  Negative  control  area  30  is  formed  by  maintaining  the  control  area  30  of  the  matrix  12  free  of  substances 
which  will  retain  the  label  or  other  signal  response  material  during  the  normal  use  of  the  device  1  0  in  the  per- 
formance  of  a  binding  assay,  as  described  herein.  Positive  control  area  32  is  formed  by  providing  a  substance 
capable  of  binding  the  label  or  other  signal  response  material  within  the  control  area  of  the  matrix,  regardless 
of  the  presence  or  absence  of  the  analyte  of  interest  in  a  test  sample.  As  used  in  connection  with  the  particularly 

35  preferred  reaction  matrix  as  previously  described,  positive  control  area  32  may  be  formed  by  coating  the  mi- 
croparticles  within  the  control  area  with  the  analyte,  or  other  substances  capable  of  binding  or  retaining  the 
enzyme  label  within  the  area  during  performance  of  a  binding  assay. 

In  addition,  one  or  more  analyte  binding  area(s)  34  are  provided  on  the  matrix  12  for  binding  or  retaining 
the  analyte  of  interest  from  a  test  sample  on  the  area  during  the  performance  of  a  binding  assay.  The  analyte 

40  binding  area(s)  34  may  be  formed  in  the  particularly  preferred  reaction  matrix  material  described  herein  by 
coating  the  microparticles  within  the  area(s)  of  the  matrix  12  with  a  substance,  such  as  antigen  or  antibody, 
capable  of  binding  the  analyte. 

The  positive  control  area  32  and  the  analyte  binding  area(s)  34  may  be  provided  in  any  simultaneously 
contactable  configuration  which  facilitates  ease  of  use  of  the  device  10  in  the  performance  of  a  binding  assay. 

45  However,  it  is  presently  preferred  to  provide  a  positive  control  area  and  an  analyte  binding  area  in  an  interactive 
configuration  in  which  the  symbol  produced  by  the  positive  control  area  interacts  with  the  symbol  produced  by 
the  analyte  binding  area  upon  the  occurrence  of  a  positive  test  result  to  form  a  first  representational  symbol 
having  a  known  meaning  to  the  user;  while  the  symbol  produced  by  the  positive  control  area  acts  alone  upon 
the  occurrence  of  a  negative  test  result  to  form  a  second  representational  symbol  having  a  known  meaning  to 

so  the  user  different  from  that  of  the  first  representational  symbol. 
Interactive  positive  control  and  analyte  binding  areas  are  best  shown  in  the  particularly  preferred  embodi- 

ment  of  Figures  3A-C,  wherein  the  positive  control  area  32  is  formed  in  the  shape  of  a  rectangular  bar  or  "-" 
sign,  while  the  analyte  binding  areas  34  are  formed  in  the  shape  of  rectangular  bars  on  opposite  sides  of,  and 
oriented  perpendicularly  with  respect  to,  the  positive  control  area  32.  Accordingly,  in  use  of  the  device  10  a 

55  positive  test  result  obtained  from  the  proper  use  of  the  device  will  result  in  a  detectable  response,  in  the  shape 
of  a  "+"  sign,  comprising  both  the  positive  control  area  32  and  the  analyte  binding  areas  34,  as  shown  in  Fig 
3C,  indicating  a  "+"  or  positive  test  result  to  the  user.  A  negative  test  result  obtained  from  the  proper  use  of  the 
devices  will  result  in  a  detectable  response,  in  the  shape  of  a  "-"  sign,  in  only  the  positive  control  area  32,  as 

6 



EP  0  389  003  B1 

shown  in  Fig  3B,  indicating  a  "-"  or  negative  test  result  to  the  user.  If  the  binding  assay  is  improperly  conducted, 
or  if  reagents  used  in  the  assay  function  improperly,  no  detectable  response  is  obtained  in  either  the  positive 
control  area  32  or  the  analyte  binding  areas  34,  as  shown  in  Fig  3A,  indicating  an  invalid  test  result.  In  addition, 
any  detectable  response  in  the  negative  control  area  30,  such  as  may  be  caused  by  non-specific  binding  or 

5  failure  to  properly  perform  washing  steps  in  the  performance  of  the  assay,  may  be  indicative  of  an  invalid  test 
result. 

The  configuration  of  Figs  3A-C  is  presently  particularly  preferred  since  it  provides  immediate  information 
to  the  user  in  unambiguous,  symbolic  form  as  to  the  positive  (+)  or  negative  (-)  nature  of  the  test  result,  and 
as  to  the  validity  of  the  assay.  Although  this  "plus  and  minus"  interactive  configuration  is  preferred,  other  si- 

10  multaneously  contactable,  interactive  configurations  are  easily  known  to  one  of  skill  in  the  art.  For  example, 
the  first  representational  symbol  (formed  by  the  interaction  of  the  symbols  formed  by  the  positive  control  area 
and  the  analyte  binding  area)  may  be  a  triangle,  a  rectangle  or  a  circle.  In  either  case,  the  second  representa- 
tional  symbol  (formed  by  the  positive  control  area  alone)  may  be  a  dot,  a  circle,  or  a  rectangular  bar,  such  as 
a  minus  sign.  It  is  important  only  that  the  second  representational  symbol  interact  with  the  symbol  produced 

15  by  the  analyte  binding  area  34  to  form  the  first  representational  symbol.  One  way  of  assuring  both  the  inter- 
activity  of  the  symbols  and  the  simultaneous  contactabiltity  of  the  areas  with  sample  and  reagents  is  to  have 
the  second  symbol  share  a  border  or  adjacent  edge  with  the  other  symbol.  The  first  symbol  is  then  the  geometric 
union  of  the  second  symbol  (positive  control  area)  and  the  other  symbol  (analyte  binding  area).  Other  equivalent 
configurations  for  the  negative  control  area  30,  the  positive  control  area  32  and  the  analyte  binding  area(s)  34, 

20  such  as  other  symbols,  numbers  and  the  like,  will  be  readily  apparent  to  those  skilled  in  the  art. 

EXAMPLES 

The  following  Examples  illustrate  preferred  ways  of  making  and  using  the  novel  material  of  the  present 
25  invention,  and  analytical  devices  using  the  material,  as  well  as  assay  procedures  utilizing  them.  The  analytical 

devices  made  had  substantially  the  overall  shape  and  appearance  of  the  device  shown  and  described  herein 
with  reference  to  Figs.  1  and  2  and  were  prepared  and  utilized  in  assays  according  to  the  invention  using  the 
following  procedures.  However,  the  Examples  are  intended  to  be  only  illustrative,  and  in  no  way  to  be  construed 
as  placing  limitations  upon  the  scope  of  the  invention,  which  scope  is  defined  solely  by  the  appended  claims. 

30  Unless  otherwise  indicated,  all  percentages  expressed  herein  are  by  weight. 

Example  1  :  Preparation  of  Antibody-Coated  Microparticles 

100  microliters  of  carboxylate-modified  microparticles  (2.5%  solids;  0.45  (microns)  average  diameter; 
35  commercially  available  from  Polyscience  and  Seragen)  were  added  to  1  .0  milliliters  (ml)  of  methyl  ethyl  sulfon- 

ate  (MES)  buffer  (5  millimolar  (mM),  pH  4.75)  and  75  microliters  of  antibody  solution  (beta-hCG)  (2  milligrams 
per  milliliter  (mg/ml)).  The  solution  was  stirred  and  then  100  ml  of  1-Ethyl-3(3-Dimethyl-  aminopropyl)  carbo- 
dimide  HCI  (EDAC)  (2  mg  per  10  ml  H20)  were  added.  The  solution  was  stirred  overnight  at  2-8  degrees  C, 
after  which  the  microparticles  were  isolated  by  centrifugation,  washed  twice  with  0.1%  "Tween-20"  solution, 

40  and  resuspended  in  "PBS"  Phosphate  Buffered  Saline  (0.01  M  KH2P04;  0.15M  NaCI:  pH  7.2)  to  yield  a  0.125% 
solution.  After  resuspension  in  PBS,  the  particles  were  stored  at  2-8  degrees  C,  for  subsequent  use  in  the  fol- 
lowing  procedures. 

Example  2:  Preparation  of  Solid-Phase  Reaction  Matrix 
45 

50  microliters  of  the  antibody-coated  microparticles  from  Example  1  were  added  dropwise  to  the  center  of 
a  Whatman  GF/D  glass  filter;  1  00  microliters  of  pig  sera  were  then  added  and  the  filter  and  microparticles  in- 
cubated  for  30  minutes  in  a  humidity  chamber  at  room  temperature.  After  this  time,  the  filter,  now  containing 
the  microparticles,  was  washed  three  times  in  300  microliters  of  PBS  buffer.  The  filter  was  then  stored  in  a 

so  humidity  chamber  until  it  was  used  in  the  following  immunoassay  example.  The  microparticles  were  observed, 
by  scanning  electron  microscopy,  to  have  been  irreversibly  trapped  or  agglomerated  on  the  glass  fibers  of  the 
filter  material. 

It  is  to  be  noted  that,  in  addition  to  the  techniques  described  in  the  foregoing  Example,  antibody  (or  antigen) 
may  be  attached  to  the  particles  by  a  variety  of  methods;  e.g.,  adsorption  or  use  of  various  chemical  activators. 

55  Also,  it  is  to  be  appreciated  that  the  particles  can  be  added  to  the  fibrous  matrix  after,  for  example,  animal  sera 
has  been  added,  and  that  the  use  of  such  sera  is  not  of  critical  importance.  Therefore,  the  order  of  addition  of 
the  particles  to  the  matrix  and  treatment  thereof  after  or  before  incorporation  into  the  matrix  is  not  critical  to 
the  present  invention.  Moreover,  it  will  be  appreciated  that  coated  fibrous  materials,  such  as  polystyrene-coated 

7 



EP  0  389  003  B1 

glass,  can  be  used  In  place  of  the  glass  filter  matrix  material  specifically  described  herein,  and  the  advantages 
of  the  invention  can  also  be  realized  thereby. 

Example  3:  Immunoassay  Protocol  (Determination  of  beta-hCG) 
5 

The  glass  fiber  material,  containing  the  antibody-coated  microparticles  as  previously  described,  was  cut 
into  substantially  circular  "disks",  and  the  disks,  forming  reaction  matrices,  placed  in  contact  with  a  blotter  ma- 
terial  in  order  to  absorb  excess  fluid  from  solutions  used  in  the  assay.  Thereafter,  five  drops  of  test  samples 
of  human  urine  (about  280  microliters),  containing  zero,  and  50  and  100  mlU/ml  levels  of  beta-hCG  (Table  1, 

10  infra),  were  added  to  each  matrix  after  passage  of  the  sample  drops  through  a  pref  ilter  situated  above  each 
matrix.  Three  drops  of  an  antibody-enzyme  conjugate  (Table  1,  infra)  were  then  added  to  each  matrix  through 
the  pref  ilter,  and  each  matrix  was  incubated  at  room  temperature  for  about  two  minutes.  The  pref  ilter  was  next 
removed,  and  1  .0  ml  of  a  detergent  wash  solution  was  added  to  each  matrix  to  remove  any  excess  antibody- 
enzyme  conjugate.  Then,  one  drop  of  a  chromogen  indicator  (Table  1,  infra)  was  added  to  each  matrix,  and 

15  after  two  minutes  each  matrix  was  checked  visually  for  color  development.  Color  development  was  observed 
for  the  test  samples  which  contained  beta-hCG,  and  the  absorbance  of  light  correlating  to  the  color  development 
was  determined  instrumentally  using  a  conventional  spectrophotometer.  The  results  are  set  forth  in  the  follow- 
ing  table. 

20 
T a b l e   1 

Da t a   f o r   b e t a - h C G :   H o r s e r a d i s h   P e r o x i d a s e   (HRPO) 
a n t i b o d y - e n z y m e   c o n j u g a t e /   3  ,  3  '  ,  5  ,  5  '  ,  -  

25  t e t r a m e t h y l b e n z i d i n e   (TMB)  c h r o m o g e n  
( A b s o r b a n c e   a f t e r   two  m i n u t e s   a t   650  n a n o m e t e r s   ( r un ) )  

fhCG)  mlU/ml   i n  
u r i n e   s a m p l e s   I n s t r u m e n t a l   V i s u a l  

so  0  0 . 0 1 5 9   Not  v i s i b l e  
50  0 . 0 8 5 2   V i s i b l e  

100  0 . 2 S 1 7   V i s i b l e  

35  T a b l e   2 

Da ta   f o r   b e t a - h C G :   A l k a l i n e   P h o s p h a t a s e   a n t i b o d y - e n z y m e  
c o n j u g a t e / B r o m o - c h l o r o   i n d o l e   p h o s p h a t e   n i t r o - b l u e  

t e t r a z o l i u m   c h r o m o g e n .  
40  ( A b s o r b a n c e   a f t e r   two  m i n u t e s   a t   650  n a n o m e t e r s )  

(hCG)  m l U / m l   i n  
u r i n e   s a m p l e s   I n s t r u m e n t a l   V i s u a l  

45  0  0  . 0057   Not  v i s i b l e  
50  0 . 0 8 7 2   V i s i b l e  

100  0 . 1 5 8 4   V i s i b l e  

50  The  foregoing  antibody-enzyme  conjugates  were  prepared  generally  in  accordance  with  the  following  ref- 
erences:  HRPO:  Nakane,  P.K.  and  Kawaoi,  A.,  Journal  of  Histochemistry  and  Cytochemistry,  22  (12)  1084- 
1091  (1974);  Alkaline  Phosphatase:  Prepared  by  slight  modifications  to  a  Glutaricdialdehyde  procedure,  avail- 
able  from  Boehringer  Mannheim  GmbH. 

Urine  samples  from  twelve  non-pregnant  and  six  confirmed  pregnant  women  were  tested  using  the  HRPO- 
55  antibody  enzyme  conjugate,  described  supra,  and  substantially  the  procedure  described  in  Example  3.  Twelve 

samples  from  the  non-pregnant  individuals  produced  no  visible  color  in  the  reaction  matrix;  i.e.,  all  absorbences 
were  less  than  0.050,  below  which  threshold  no  color  can  easily  be  visualized.  Samples  from  all  of  the  six  preg- 
nant  individuals  produced  visible  color  upon  testing. 

8 
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Example  4:  Preparation  of  beta-hCG  Procedural  Control 

1.0  ml  of  microparticles  (as  previously  described,  0.125%  solids),  having  antibody  to  beta-hCG  attached 
to  their  surfaces,  were  reacted  with  14.0  microliters  of  beta-hCG  solution  (1  .0  mg/ml).  The  solution  was  stirred 
for  three  hours  at  room  temperature,  and  then  stored  at  2-8  degrees  C°  until  needed.  No  further  washing  of 
the  particles  was  required. 

50  ml  of  the  foregoing  procedural  control  microparticles,  having  beta-hCG  bound  to  their  surfaces,  were 
diluted  to  various  concentrations  and  applied  to  the  glass  fiber  filter  material  previously  described,  in  the  same 
manner  as  the  antibody-coated  microparticles  had  been  applied  (described  supra).  The  activity  of  each  dilution 
was  then  checked  by  adding  two  drops  (about  1  00  microliters)  of  HRPO-antibody  enzyme  conjugate,  incubating 
for  five  minutes,  washing  with  1.0  ml  of  a  detergent  wash  solution  and  then  developing  color  by  the  addition  of 
one  drop  (about  50  microliters)  of  TMB  solution.  The  absorbance  of  each  control  was  then  measured  using  a 
conventional  spectrophotometer,  as  set  forth  in  the  following  table. 

The  absorbance  of  the  procedural  control  at  a  1:32  dilution  was  found  to  be  approximately  equal  to  that  of 
a  100  mlU/ml  beta-hCG  standard. 

Example  5:  Bacteriological  Testing-Heterologous  Bacteria 

Assays  for  Strep  A  antigen,  and  assays  for  antigens  for  the  various  organisms  listed  in  the  following  table, 
were  performed  using  devices  of  the  invention  as  previously  described.  The  protocol  of  the  assays  can  be  sum- 
marized  as  follows: 

1.  A  pre-prepared  bacterial  swab  sample  (prepared  by  a  well-known  technique)  was  placed  into  solution 
and  pipetted  onto  the  filter  assembly  over  the  reaction  matrix  of  the  device.  The  sample  was  allowed  to 
pass  through  the  filter. 
2.  Two  drops  (about  100  microliters)  of  antibody-enzyme  conjugate  were  added,  and  allowed  to  pass 
through  the  filter. 
3.  The  filter  was  then  removed  and  the  matrix  washed  with  10-12  drops  (about  500  microliters)  of  PBS  Buf- 
fer. 
4.  One  drop  (about  50  microliters)  of  TMB  were  added,  and  color  development  in  the  matrix  read  after  about 
2  minutes  incubation  at  room  temperature. 
The  absorbance  of  650  nanometer  light  reflected  from  the  matrix  was  then  determined,  using  conventional 

reflectance  apparatus,  as  a  result  of  assays  performed  as  aforedescribed  on  samples  which  contained  the  mi- 
croorganism  antigens  listed  in  the  following  table. 

D i l u t i o n   o f  
S t o c k   S o l u t i o n  

T a b l e   3 
A b s o r b a n c e   A f t e r   Two  M i n u t e s   a t   650  nm 

1 : 8  
1 : 3 2  
1 : 6 4  

0  . 7 1 1 8  
0 . 2 3 5 8  
0 . 0 9 8 3  
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T a b l e   4 

A s s a y s   f o r   H e t e r o l o g o u s   B a c t e r i a  

M i c r o o r g a n i s m 3  A b s o r b a n c e b  

s e r r a t i a   m a r c e s c e n s  
K l e b s i e l l a   p n e u m o n i a e  
P s e u d o m o n a s   a e r u g i n o s a  
N e i s s e r i a   m e n i n g i t i d i s  
N e i s s e r i a   s i c c a  
H a e m o p n i l u s   i n f l u e n z a e  
S t a p h y l o c o c c u s   a u r e u s   Cowan  I  
S t a p h y l o c o c c u s   a u r e u s   Cowan  I I  
B o r d e t e l l a   p e r t u s s i s  
C a n d i d a   a l b i c a n s  
S t r e p t o c o c c u s   p n e u m o n i a e  
S t r e p t o c o c c u s   a g a l a c t i a e   (Group  B) 
S t r e p t o c o c c u s   e q u i s i m i l i s   (Group  C) 
S t r e p t o c o c c u s   f a e c a l i s   (Group  D) 
S t r e p t o c o c c u s   c a r i i s   (Group  G) 
S t r e p t o c o c c u s   p y o g e n e s   (Group  A) 
N e g a t i v e   C o n t r o l  

0 . 0 4 0  
0 . 0 3 2  
0 . 0 4 5  
0 . 0 3 4  
0 . 0 3 6  
0 . 0 5 1  
0 . 0 8 4  
0 . 0 4 9  
0 . 0 4 1  
0 . 0 3 2  
0 . 0 5 6  
0.  0 5 4  
0 . 0 6 3  
0 . 0 4 7  
0 . 1 0 1  
1 . 3 9 2  
0 . 0 4 9  

a  Hicroorgamsms  were  assayed  at  a  c o n c e n t r a t i o n   of  10s  CFU  per  t e s t ,  

b  Absorbance  at  650  nanomete r s .  

Example  6:  Solid  Phase  Evaluation;  Use  of  Various  Reaction  Matrix  Materials  According  to  the  Invention 

Zero  concentration  and  250  mlU/ml  concentration  beta-hCG-containing  urine  samples  were  assayed  as 
previously  described  (Example  3)  using  microparticles  which  had  been  incorporated  in  various  fibrous  matrix 
materials,  according  to  the  invention.  The  materials  listed  in  the  following  table  were  of  different  pore  sizes  and 
Flow  rates.  The  Whatman  GF/D  material  was  also  pretreated  before  addition  of  the  particles.  An  HRPO  conju- 
gate  was  used.  In  each  assay,  color  development,  indicating  success  of  the  assay,  was  visually  observed,  and 
absorbance  readings  were  taken  at  650  nanometers.  The  results  are  compiled  in  the  following  table. 
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The  foregoing  data  indicates  that  a  variety  of  raw  fibrous  materials  can  be  used  in  the  novel  material  and 
reaction  matrices  of  devices  of  this  invention.  Such  alternative  raw  materials  can  be  used  after  pretreatment 
with  protein  sera  or  polystyrene  (hydrophilic  or  hydrophobic)  in  order  to  change  somewhat  the  characteristics 
of  the  material,  as  desired  (e.g.,  flow  rate). 

Example  7:  Effect  of  Particle  Size 

Particles  ranging  in  size  from  0.1  9  to  about  3.0  or  microns  (average  diameter)  were  added  to  samples 
of  matrix  materials  (Whatman  GF/D)).  The  amount  of  antibody  per  sample  was  maintained  at  about  3.0  micro- 
grams,  and  zero  and  100  mlU/ml  beta-hCG-containing  urine  samples  were  assayed  as  previously  described, 
using  an  alkaline  phosphatase  conjugate.  Absorbance  readings  were  taken  at  650  nanometers.  The  results 
are  set  forth  in  Table  6. 
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T a b l e   6 
A v e r a g e   D i a m e t e r  
of  . P a r t i c l e s   in  t w  
(  m i c r o n s   ) Zero   b e t a - h C G  100  mlU/ml   b e t a - h r s  

. 1 0 3 7  

.  1 5 0 0  

. 0 8 2 5  

. 1 2 2 7  

5 0.  19 
0 . 5 0  
0 . 9 0  
3 . 0  

. 0 0 5 5  

. 0 0 5 0  

. 0 0 7 6  

.  0 0 6 1  

10 
The  above  results  demonstrate  that  particles  rang  ing  in  size  from  0.  1  9  to  about  3.0  urn  (microns)  in  diameter 

are  particularly  effective,  and  thus  preferred.  Particles  within  the  range  of  from  about  0.1  to  about  5  (mi- 
crons),  however,  are  suitable  for  use  in  the  invention.  Also,  since  the  pore  size  of  the  GF/D  filter  material  is 
about  2.7  urn  (microns),  the  data  shows  that  particles  much  smaller,  or  larger,  than  the  average  pore  size  of 

15  the  fibrous  matrix  material  can  be  used. 

Example  8:  Rapid  Assay  for  beta-hCG 

An  advantageously  rapid,  and  procedurally  simple  assay  for  beta-hCG  was  conducted  using  an  analytical 
20  device  which  had  been  produced  in  accordance  with  the  present  invention,  as  previously  shown  and  described 

with  reference  to  Figs.  1  and  2.  The  assay  protocol  was  as  follows. 
Five  drops  of  a  patient  urine  specimen  were  applied  from  a  medicine  dropper  to  the  center  of  a  filter  over 

the  reaction  matrix  of  the  device,  using  a  transfer  pipette.  The  specimen  was  allowed  to  soak  through  the  matrix 
(approximately  1  0  seconds).  Three  drops  of  antibody-enzyme  conjugate  (alkaline  phosphatase)  were  then  add- 

25  ed  and  the  reaction  matrix  incubated  for  60  seconds  at  room  temperature. 
The  filter  was  next  removed  and  discarded,  and  about  1  ml  of  a  citrate/NaCI  wash  solution,  combined  with 

Tween®  and  Triton®  buffer  solutions,  was  added  and  allowed  to  flow  through  the  matrix. 
Three  drops  of  a  chromogenic  enzyme  substrate  (Bromo-chloro  indole  phosphate  nitro-blue  tetrazolium) 

were  then  added,  and  the  color  allowed  to  develop  in  the  matrix  for  a  full  two  minutes.  Thereafter,  another  1  .0 
30  ml  of  the  wash  solution  was  added,  and  the  results  read  visually.  The  appearance  of  a  visually-detectable  pos- 

itive  sign  (+)  indicated  that  the  specimen  contained  elevated  (greater  than  about  50  mlU/ml)  levels  of  beta-hCG. 
Samples  run  using  the  foregoing  procedure  but  not  containing  such  elevated  levels  of  beta-hCG  produced  a 
negative  sign  (-)  in  the  matrix. 

Tests  run  utilizing  a  substantially  similar  protocol  to  that  of  Example  8  but  which  did  not  result  in  the  ap- 
35  pearance  of  either  a  positive  (+)  or  a  negative  (-)  sign,  indicated  the  improper  addition  of  reagents,  or  indicated 

deterioration  of  reagents. 
The  following  is  a  general  example  of  the  preparation  of  an  analytical  device  according  to  the  invention, 

which  additionally  incorporates  a  procedural  control  area  for  determining  non-specific  reactivity  (interference) 
of  the  sample  with  the  solid  phase. 

40  Reaction  matrices  utilizing  the  material  of  the  invention  can  be  prepared  substantially  as  previously  descri- 
bed,  and  the  particles  incorporated  into  the  material  in  a  pattern  having  substantially  the  overall  shape  of  a 
"cross".  The  vertical  axis  of  the  "cross"  can  be  formed  of  the  particles  having  an  analyte-binding  substance 
upon  their  surfaces,  whereas  the  horizontal  axis  of  the  "cross"  can  be  formed  of  a  substance  capable  of  binding 
the  enzyme  label  (i.e.,  antibody  capable  of  becoming  "conjugated"  or  attached  to  the  label).  Accordingly,  when 

45  these  reaction  matrices  are  used  in  an  assay  (such  as  previously  described),  e.g.,  for  beta-hCG,  if  no  detectable 
level  of  analyte  is  present  in  the  sample  only  the  "procedural  control  area"  of  the  matrix  will  produce  a  detectable 
response,  i.e.,  the  horizontal  axis  of  the  "cross"  (a  "minus"  sign)  will  develop  color  or  another  response,  indi- 
cating  a  negative  result.  However,  if  a  detectable  level  of  analyte  is  present,  then  the  analyte  will  bind,  along 
with  the  label,  to  the  particles  both  in  the  horizontal  and  vertical  axes,  producing  a  detectable  response  in  both 

so  axes  (a  "plus"  sign). 
Alternatively,  the  areas  of  the  matrix  in  which  the  responses  are  produced  can  take  on  the  various  forms 

described  herein,  as  well  as  many  other  forms.  While  the  foregoing  controls  have  been  described  in  this  Ex- 
ample  as  used  in  connection  with  the  presently  preferred  matrix  material  of  the  invention,  the  on-board  controls 
may  be  similarly  employed  in  connection  with  other  solid-phase  analytical  devices,  as  previously  described. 

55  The  advantages  of  incorporation  of  such  a  procedural  control  into  the  material  and  device  heretofore  described, 
as  well  as  into  solid  phase  assay  devices  using  other  types  of  matrix  materials,  include  a)  a  control  provides 
a  measure  of  validation  of  materials  for  each  assay  run;  b)  a  control  with  each  assay  run  enables  comparative 
interpretation  of  results,  especially  when  specific  patterns,  such  as  "plus"  ("+")  and  "minus"  ("-")  signs  are  used; 
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and  c)  the  incorporation  of  a  control  into  each  assay  device  provides  expedient  validation  of  the  assay,  allowing 
the  user  to  be  more  confident  of  the  assay  results. 

Where  technical  features  mentioned  in  any  claim  are  followed  by  reference  signs,  those  reference  signs 
have  been  included  for  the  sole  purpose  of  increasing  the  intelligibility  of  the  claims  and  accordingly,  such  ref- 

5  erence  signs  do  not  have  any  limiting  effect  on  the  scope  of  each  element  identified  by  way  of  example  by 
such  reference  signs. 

Claims 
10 

1.  A  solid-phase  assay  device  for  use  in  a  binding  assay  to  determine  the  presence  or  amount  of  an  analyte 
in  a  fluid  sample  upon  the  provision  of  sample,  suitable  reagents  and  label  to  a  reaction  area  having  a 
negative  control  area  (30)  for  indicating  an  invalid  result,  a  positive  control  area  (32)  for  displaying  a  de- 
tectable  response  indicative  of  a  valid  assay  result,  and  an  analyte  binding  area  (34)  for  displaying  a  de- 

ls  tectable  response  indicative  of  the  presence  or  amount  of  the  analyte  in  the  fluid  sample,  characterized 
in  that  the  positive  control  area  (32)  displays  a  first  symbol  capable  of  representing  a  valid  negative  result, 
which  symbol  is  at  least  partially  formed  in  response  to  the  presence  of  label;  in  that  the  detectable  re- 
sponse  of  the  analyte  binding  area  (34)  forms  a  second  symbol  which  interacts  with  the  first  symbol  to 
form  an  interactive  symbol  representing  a  valid  positive  result;  in  that  said  interactive  symbol  is  not  two 

20  discrete  spots;  and  in  that  the  areas  (30,  32  and  34)  are  oriented  so  as  to  be  simultaneously  contacted 
by  sample  and  reagents. 

2.  A  solid  phase  assay  device  according  to  claim  1  ,  characterized  in  that  said  reaction  area  is  located  on  a 
porous  material  such  that  said  reaction  area  is  capable  of  being  contacted  by  singly  applied  drops  of  the 

25  fluid  sample  and  reagents  used  in  the  assay. 

3.  A  solid  phase  assay  device  according  to  claim  2,  characterized  in  that  said  porous  material  is  positioned 
over  an  absorbent  material  which  draws  sample  and  reagent  through  the  reaction  area. 

4.  A  solid  phase  assay  device  according  to  claim  1  ,  characterized  in  that  at  least  one  of  the  positive  control 
area  (32)  and  the  analyte  binding  area  (34)  is  formed  in  the  shape  of  a  dot. 

5.  A  solid-phase  assay  device  according  to  claim  1  ,  characterized  in  that  the  positive  control  area  (32)  com- 
prises  a  "minus"  symbol  capable  of  representing  a  valid  negative  result. 

35  6.  A  solid  phase  assay  device  according  to  claim  5,  characterized  in  that  the  analyte  binding  area  (34)  is 
formed  on  the  reaction  surface  in  the  shape  of  at  least  one  bar  oriented  perpendicularly  to  the  rectangular 
bar  of  the  positive  control  area  (32)  such  that  the  symbol  formed  by  the  analyte  binding  area  (34)  taken 
together  with  the  "minus"  symbol  displayed  in  the  positive  control  area  (32)  produces  a  "plus"  symbol  as 
the  interactive  symbol  representing  a  valid  positive  result. 

40 
7.  A  solid  phase  assay  device  according  to  claim  1  ,  characterized  in  that  the  negative  control  area  (30)  sur- 

rounds  the  positive  control  area  (32)  and  the  analyte  binding  area  (34). 

8.  A  solid-phase  assay  device  according  to  claim  1  ,  characterized  in  that  the  positive  control  area  (32)  and 
45  the  analyte  binding  area  (34)  are  oriented  adjacent  one  another  in  the  reaction  area. 

9.  The  solid  phase  assay  device  according  to  claim  1  ,  characterized  in  that  the  positive  control  area  (32)  con- 
tains  immobilized  binding  reagent  for  binding  label. 

10.  The  solid  phase  assay  device  according  to  claim  1,  characterized  in  that  the  first  symbol  is  completely 50 formed  in  response  to  the  presence  of  label. 

11.  The  solid  phase  assay  device  according  to  claim  5  or  6,  characterized  in  that  the  positive  control  area  (32) 
contains  immobilized  reagent  for  binding  label,  whereby  the  "minus"  symbol  is  formed  in  response  to  the 
presence  of  label. 

55 
12.  A  method  of  using  a  solid-phase  assay  device  to  determine  the  presence  of  absence  of  an  analyte  in  a 

fluid  sample,  comprising  the  steps  of: 

13 
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a)  providing  a  device  having  a  reaction  area  having  a  negative  control  area  (30)  for  indicating  an  invalid 
result,  a  positive  control  area  (32)  for  displaying  a  visually  detectable  response  indicative  of  a  valid  as- 
say  result,  and  an  analyte  binding  area  (34)  for  displaying  a  visually  detectable  response  indicative  of 
the  presence  or  amount  of  the  analyte  in  the  fluid  sample,  said  device  characterized  in  that  the  positive 
control  area  (32)  displays  a  first  symbol  capable  of  representing  a  valid  negative  result,  which  symbol 
is  at  least  partially  formed  in  response  to  the  presence  of  visually  detectable  label;  in  that  the  visually 
detectable  response  of  the  analyte  binding  area  (34)  forms  a  second  symbol  which  interacts  with  the 
first  symbol  to  form  an  interactive  symbol  representing  a  valid  positive  result;  in  that  said  interactive 
symbol  is  not  two  discrete  spots;  and  in  that  the  areas  (30),  (32)  and  (34)  are  oriented  so  as  to  be  si- 
multaneously  contacted  by  addition  of  sample  and/or  reagents; 
b)  contacting  said  reaction  area  with  a  fluid  sample  and  with  label  reagents  necessary  to  produce  said 
visually  detectable  response;  and 
c)  observing  said  reaction  area  for  display  of  said  first  symbol  and  said  interactive  symbol. 

13.  The  method  according  to  claim  12,  characterized  in  that  said  interactive  symbol  is  interpreted  as  a  valid 
positive  result  for  the  presence  of  said  analyte. 

14.  A  method  according  to  claim  12,  characterized  in  that  said  first  symbol,  in  the  absence  of  said  second  sym- 
bol,  is  interpreted  as  a  valid  negative  result  for  said  analyte. 

15.  A  method  according  to  claim  12,  characterized  in  that  it  comprises  the  steps  of  providing  the  reaction  area 
located  on  a  porous  material,  and  contacting  said  reaction  area  with  singly  applied  drops  of  the  fluid  sample 
and  reagents  used  in  the  assay. 

16.  A  method  according  to  claim  12,  characterized  in  that  it  comprises  the  step  of  providing  a  positive  control 
area  (32)  having  the  shape  of  a  "minus"  symbol  capable  of  representing  a  valid  negative  result. 

17.  A  method  according  to  claim  12,  characterized  in  that  it  further  comprises  the  step  of  providing  the  analyte 
binding  area  (34)  formed  on  the  reaction  surface  in  the  shape  of  at  least  one  bar  oriented  perpendicularly 
to  the  rectangular  bar  of  the  positive  control  area  (32)  such  that  the  symbol  formed  by  the  analyte  binding 
area  (34)  taken  together  with  the  "minus"  symbol  displayed  in  the  positive  control  area  (32)  produces  a 
"plus"  symbol  as  the  interactive  symbol  representing  a  valid  positive  result. 

18.  A  method  according  to  claim  12,  characterized  in  that  it  comprises  the  step  of  providing  the  positive  control 
area  (32)  and  the  analyte  binding  area  (34)  oriented  adjacent  one  another  in  the  reaction  area. 

19.  A  method  according  to  claim  12,  characterized  in  that  it  comprises  the  step  of  providing  a  positive  control 
area  (32)  containing  immobilized  binding  reagent  for  binding  label. 

Patentanspruche 

1.  Festphasen-Testvorrichtung  furdie  Verwendung  in  einem  Bindungstest,  urn  das  Vorliegen  oderdie  Menge 
eines  Analyten  in  einer  f  lussigen  Probe  zu  bestimmen,  mit  der  Maligabe,  dali  Probe,  geeignete  Reagen- 
tien  und  Markierungsstoff  einer  Reaktionsflache  eine  negative  Kontrollflache  (30)  zur  Anzeige  eines  un- 
gultigen  Ergebnisses,  eine  positive  Kontrollflache  (32)  zur  Anzeige  einer  detektierbaren  Antwort,  die  auf 
einen  gultigen  Test  schlielien  lalit  und  eine  Bindungsflache  (34)  eines  Analyten  zur  Anzeige  einer 
detektierbaren  Antwort,  die  auf  das  Vorliegen  oderdie  Menge  eines  Analytes  in  derf  lussigen  Probe  schlie- 
lien  lalit,  besitzen,  dadurch  gekennzeichnet,  dali  die  positive  Kontrollflache  (32)  ein  erstes  Zeichen  an- 
zeigt,  das  ein  gultiges  negatives  Ergebnis  darstellen  kann,  wobei  das  Zeichen  mindestens  teilweise  als 
Antwort  auf  das  Vorliegen  des  Markierungsstoffes  gebildet  wird,  dali  die  detektierbare  Antwort  der  Bin- 
dungsflache  des  Analyten  (34)  ein  zweites  Zeichen,  das  mit  dem  ersten  Zeichen  unter  Bildung  eines  in- 
teraktiven  Zeichens,  das  fur  ein  gultiges  positives  Ergebnis  steht,  in  Wechselwirkung  tritt,  bildet,  dadurch 
dali  das  interaktive  Zeichen  nicht  aus  zwei  diskreten  Punkten  besteht;  und  dali  die  Flachen  (30,  32  und 
34)  so  angeordnet  sind,  dali  sie  gleichzeitig  mit  Probe  und  Reagens  in  Kontakt  treten. 

2.  Festphasen-Testvorrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  sich  die  genannte  Reakti- 
onsflache  so  auf  einem  porosen  Material  befindet,  dali  die  genannte  Reaktionsflache  von  einzeln  aufge- 
brachten  Tropfen  derf  lussigen  Probe  und  des  Reagens,  die  bei  dem  Test  verwendet  werden,  kontaktiert 

14 



EP  0  389  003  B1 

15 

wird. 

3.  Festphasen-Testvorrichtung  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  das  genannte  porose  Ma- 
terial  uber  einem  absorbierenden  Material,  das  Probe  und  Reagens  durch  die  Reaktionsflache  zieht,  an- 

5  geordnet  ist. 

4.  Festphasen-Testvorrichtung  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  mindestens  eine  der  posi- 
tiven  Kontrollflachen  (32)  und  die  Bindungsflache  (34)  des  Analyten  in  Punktform  geformt  sind. 

5.  Festphasen-Testvorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  mindestens  eine  der  posi- 10 tiven  Kontrollflachen  (32)  ein  "Minus'-Symbol,  das  fur  ein  gultiges  negatives  Ergebnis  stehen  kann,  um- 
falit. 

6.  Festphasen-Testvorrichtung  nach  Anspruch  5,  dadurch  gekennzeichnet,  dali  die  Bindungsflache  des 
Analyten  (34)  auf  der  Reaktionsoberf  lache  in  Form  mindestems  eines  Stabes,  der  senkrecht  zu  dem  recht- 

15  eckigen  Stab  der  positiven  Kontroll-Flache  (32)  ausgerichtet  ist,  geformt  ist,  so  dali  das  durch  die  Bin- 
dungsflache  (34)  des  Analyten  gebildete  Zeichen,  zusammengenommen  mit  dem  "  Minus"-Zeichen,  ge- 
zeigtauf  der  positiven  Kontrollflache  (32),  ein  "Plus"-Zeichen  als  interaktives  Symbol  bildet,  das  einen  gul- 
tigen  positiven  Wert  darstellt. 

20  7.  Festphasen-Testvorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  negative  Kontrollflache 
(30)  die  positive  Kontrollflache  (23)  und  die  Bindungsflache  (34)  des  Analyten  umgibt. 

8.  Festphasen-Testvorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  positive  Kontrollflache 
(32)  und  die  Bindungsflache  (34)  des  Analyten  benachbart  zueinander  in  der  Reaktionsflache  liegen. 

25 
9.  Festphasen-Testvorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  positive  Kontrollflache 

(32)  immobilisiertes  Bindungsreagens  zur  Bindung  von  Markierungstoff  enthalt. 

10.  Festphasen-Testvorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  erste  Zeichen  vollstan- 

30  dig  als  Antwort  auf  das  Vorliegen  des  Markierungsstoffes  gebildet  wird. 

11.  Festphasen-Testvorrichtung  nach  Anspruch  5  oder  6,  dadurch  gekennzeichnet,  dali  die  positive 
Kontrollfache  (32)  immobilisiertes  Reagens  zur  Bindung  von  Markierungsstoff  enthalt,  wobei  das  "Minus"- 
Zeichen  als  Antwort  auf  das  Vorliegen  des  Markierungsstoffes  gebildet  wird. 

35  12.  Verfahren  unter  Verwendung  einer  Festphasen-Testvorrichtung,  urn  das  Vorliegen  oderdie  Abwesenheit 
eines  Analyten  in  einer  f  lussigen  Probe  zu  bestimmen,  umfassend  die  Stufen: 

a)  Bereitstellen  einer  Vorrichtung  mit  einer  Reaktionsflache,  die  eine  negative  Kontrollflache  (30)  zur 
Anzeige  eines  ungultigen  Ergebnisses  besitzt,  mit  einer  positiven  Kontrollflache  (32)  zum  Anzeigen  ei- 
ner  sichtbar  detektierbaren  Antwort,  die  auf  ein  gultiges  Testergebnis  schlielien  lalit,  und  mit  einer  Bin- 

40  dungsf  lache  (34)  des  Analyten  zum  Anzeigen  einer  sichtbar  detektierbaren  Antwort,  die  auf  das  Vor- 
liegen  oderdie  Menge  des  Analytes  in  derflussigen  Probe  schlielien  lalit,  wobei  die  genannte  Vorrich- 
tung  dadurch  gekennzeichnet  ist,  dali  die  positive  Kontrollflache  (32)  ein  erstes  Zeichen  anzeigt,  das 
fur  ein  gultiges  negatives  Ergebis  stehen  kann,  wobei  das  Zeichen  mindestens  teilweise  als  Antwort 
auf  das  Vorliegen  des  visuell  detektierbaren  Markierungsstoffes  gebildet  wird;  dali  die  visuell 

45  detektierbare  Antwort  der  Bindungsflache  (34)  des  Analyten  ein  zweites  Zeichen,  das  mit  dem  ersten 
Zeichen  unter  Bildung  eines  interaktiven  Zeichens,  das  ein  gultiges  positives  Ergebnis  darstellt,  in 
Wechselwirkung  tritt,  bildet,  dali  das  interaktive  Zeichen  nicht  aus  zwei  diskreten  Punkten  besteht;  und 
dali  die  Flachen  (30),  (32)  und  (34)  so  ausgerichtet  sind,  dalisiegleichzeitig  zusammen  von  Probe  und- 
/oder  Reagens  beruhrt  werden; 

50  (b)  Kontaktieren  dergenannten  Reaktionsflache  mit  einer  fussigen  Probe  und  mit  Markierungsreagen- 
tien,  die  zur  Herstellung  dergenannten  visuell  detektierbaren  Antwort  notwndig  sind;  und 
(c)  Beobachten  dergenannten  Reaktionsflache  auf  Anzeige  des  genannten  ersten  Zeichens  und  des 
genannten  interaktiven  Zeichens. 

55  13.  Verfahren  nach  Anspruch  12,  dadurch  gekennzeichnet,  dali  das  genannte  interaktive  Symbol  als  gultiges 
positives  Ergebnis  fur  das  Vorliegen  des  genannten  Analytes  interpretiert  wird. 

30 

40 

45 

50 

14. Verfahren  nach  Anspruch  12,  dadurch  gekennzeichnet,  dali  das  genannte  erste  Symbol  in  Abwesenheit 
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des  genannten  zweiten  Symbols  als  gultiges  negatives  Ergebnis  fur  den  genannten  Analyten  interpretiert 
wird. 

15.  Verfahren  nachAnspruch  12,  dadurch  gekennzeichnet,  dali  es  die  Stufen  der  Bereitstellung  der  auf  einem 
porosen  Material  aufgebrachten  Reaktionsflache  und  der  Kontaktierung  der  genannten  Reaktionsflache 
miteinzeln  aufgebrachten  Tropfen  derflussigen  Probe  und  des  Reagens,  die  bei  dem  Testverwendetwer- 
den,  umfalit. 

16.  Verfahren  nach  Anspruch  12,  dadurch  gekennzeichnet,  dali  es  die  Stufe  der  Bereitstellung  einer  positiven 
Kontroll-Flache  (32)  in  Form  eines  "Minus"-Symbols,  das  fur  ein  gultiges  negatives  Ergebnis  stehen  kann, 
umfalit. 

17.  Verfahren  nach  Anspruch  1  2,  dadurch  gekennzeichnet,  dali  es  weiterhin  die  Stufe  der  Bereitstellung  einer 
Bindungsflache  (34)  fur  den  Analyten,  gebildet  auf  der  Reaktions-Oberf  lache  in  Form  mindestens  eines 
Stabes,  der  senkrecht  zu  dem  rechteckigen  Stab  der  positiven  Kontroll-Flache  (32)  ausgerichtet  ist,  so 
dali  das  durch  die  Bindungsflache  (34)  des  Analyten  geformte  Zeichen,  das  zusammen  mit  dem  dem  "Mi- 
nus"-Zeichen,  das  sich  in  der  positiven  Kontroll-Flache  (32)  zeigt,  registriert  wird,  ein  "Plus"-Zeichen  als 
interaktives  Zeichen,  das  fur  ein  gultiges  positives  Ergebnis  steht,  bildet,  umfalit. 

18.  Verfahren  nach  Anspruch  12,  dadurch  gekennzeichnet,  dali  es  die  Stufe  der  Bereitstellung  der  positiven 
Kontroll-Flache  (32)  und  der  Bindungs-Flache  (34)  des  Analyten,  die  in  der  Reaktionsflache  benachbart 
zueinander  ausgerichtet  sind,  umfalit. 

19.  Verfahren  nach  Anspruch  12,  dadurch  gekennzeichnet,  dali  es  die  Stufe  der  Bereitstellung  einer  positiven 
Kontroll-Flache  (32)  mit  immobilisiertem  Bindungs-Reagensfurdie  Bindung  des  Markierungsstoffes  um- 
falit. 

Revendications 

1.  Dispositif  de  dosage  en  phase  solide  a  utiliser  au  cours  d'un  dosage  par  fixation  pour  determiner  la  pre- 
sence  ou  la  quantite  d'une  substance  a  analyser  dans  un  echantillon  liquide,  lors  de  I'apport  d'un  echan- 
tillon,  de  reactifs  appropries  et  d'un  marqueur  a  une  zone  reactionnelle  possedant  une  zone  temoin  ne- 
gative  (30)  destinee  a  indiquer  un  resultat  non  valide,  une  zone  temoin  positive  (32)  destinee  a  afficher 
une  reponse  detectable  indiquant  un  resultat  de  dosage  valide  et  une  zone  de  fixation  de  la  substance  a 
analyser  (34)  destinee  a  afficher  une  reponse  detectable  indiquant  la  presence  ou  la  quantite  de  la  subs- 
tance  a  analyser  dans  I'echantillon  liquide,  caracterise  en  ce  que  la  zone  temoin  positive  (32)  aff  iche  un 
premier  symbole  capable  de  representer  un  resultat  negatif  valide,  lequel  symbole  est  au  moins  partiel- 
lement  forme  en  reponse  a  la  presence  du  marqueur  ;  en  ce  que  la  reponse  detectable  de  la  zone  de  fixa- 
tion  de  la  substance  a  analyser  (34)  forme  un  second  symbole  qui  interagit  avec  le  premier  symbole  pour 
former  un  symbole  interactif  representantun  resultat  positif  valide  ;  en  ce  que  ledit  symbole  interactif  n'est 
pas  constitue  par  deux  taches  discretes  ;  et  en  ce  que  les  zones  (30,  32  et  34)  sont  orientees  de  facon  a 
entrer  simultanement  en  contact  avec  I'echantillon  et  les  reactifs. 

2.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1,  caracterise  en  ce  que  ladite  zone  reaction- 
nelle  est  situee  sur  une  substance  poreuse  de  sorte  que  ladite  zone  reactionnelle  est  capable  d'etre  mise 
en  contact  par  des  gouttes  appliquees  une  a  une  de  I'echantillon  liquide  et  des  reactifs  utilises  au  cours 
du  dosage. 

3.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  2,  caracterise  en  ce  que  ladite  substance  po- 
reuse  est  positionnee  au-dessus  d'une  substance  absorbante  qui  attire  I'echantillon  et  le  reactif  a  travers 
la  zone  reactionnelle. 

4.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1,  caracterise  en  ce  qu'au  moins  la  zone  te- 
moin  positive  (32)  ou  la  zone  de  fixation  de  la  substance  a  analyser  (34)  a  la  forme  d'un  point. 

5.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1,  caracterise  en  ce  que  la  zone  temoin  po- 
sitive  (32)  comprend  un  symbole  "-"  capable  de  representer  un  resultat  negatif  valide. 
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6.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  5,  caracterise  en  ce  que  la  zone  de  fixation 
de  la  substance  a  analyser  (34)  a,  sur  la  surface  reactionnelle,  la  forme  d'au  moins  une  barre  orientee 
perpend  iculairement  a  la  barre  rectangulaire  de  la  zone  temoin  positive  (32),  de  sorte  que  le  symbole  for- 
me  par  la  zone  de  fixation  de  la  substance  a  analyser  (34)  associe  au  symbole  "-"  aff  iche  dans  la  zone 

5  temoin  positive  (32)  donne  un  symbole  "+"  qui  est  le  symbole  interactif  representant  un  resultat  positif  va- 
lide. 

7.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1,  caracterise  en  ce  que  la  zone  temoin  ne- 
gative  (30)  entoure  la  zone  temoin  positive  (32)  et  la  zone  de  fixation  de  la  substance  a  analyser  (34). 

10 
8.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1,  caracterise  en  ce  que  la  zone  temoin  po- 

sitive  (32)  et  la  zone  de  fixation  de  la  substance  a  analyser  (34)  sont  orientees  de  facon  a  etre  adjacentes 
dans  la  zone  reactionnelle. 

15 
9.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1,  caracterise  en  ce  que  la  zone  temoin  po- 

sitive  (32)  contient  le  reactif  de  fixation  immobilise  destine  a  la  fixation  du  marqueur. 

10.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  1  ,  caracterise  en  ce  que  le  premier  symbole 
est  forme  completement  en  reponse  a  la  presence  du  marqueur. 

20  11.  Dispositif  de  dosage  en  phase  solide  selon  la  revendication  5  ou  6,  caracterise  en  ce  que  la  zone  temoin 
positive  (32)  contient  le  reactif  immobilise  destine  a  la  fixation  du  marqueur,  le  symbole  "-"  etant  forme 
en  reponse  a  la  presence  du  marqueur. 

12.  Procede  d'emploi  d'un  dispositif  de  dosage  en  phase  solide  pour  determiner  la  presence  ou  I'absence 
25  d'une  substance  a  analyser  dans  un  echantillon  liquide,  comprenant  les  etapes  consistant  a  : 

a)  fournirun  dispositif  ayant  une  zone  reactionnelle  possedant  une  zone  temoin  negative  (30)  destinee 
a  indiquer  un  resultat  non  valide,  une  zone  temoin  positive  (32)  destinee  a  afficher  une  reponse  visuel- 
lement  detectable  indiquant  un  resultat  de  dosage  valide  et  une  zone  de  fixation  d'une  substance  a 
analyser  (34)  destinee  a  afficher  une  reponse  visuellement  detectable  indiquant  la  presence  ou  la  quan- 

30  tite  de  la  substance  a  analyser  dans  I'echantillon  liquide,  ledit  dispositif  etant  caracterise  en  ce  que  la 
zone  temoin  positive  (32)  aff  iche  un  premier  symbole  capable  de  representer  un  resultat  negatif  valide, 
lequel  symbole  est  au  moins  partiellement  forme  en  reponse  a  la  presence  du  marqueur  visuellement 
detectable  ;  en  ce  que  la  reponse  visuellement  detectable  de  la  zone  de  fixation  de  la  substance  a  ana- 
lyser  (34)  forme  un  second  symbole  qui  interagit  avec  le  premier  symbole  pour  former  un  symbole  in- 

35  teractif  representant  un  resultat  positif  valide  ;  en  ce  que  ledit  symbole  interactif  n'est  pas  compose  par 
deux  taches  discretes  ;  et  en  ce  que  les  zones  (30),  (32)  et  (34)  sont  orientees  de  facon  a  etre  mises 
simultanement  en  contact  par  I'addition  de  I'echantillon  et/ou  des  reactifs  ; 
b)  mettre  en  contact  ladite  zone  reactionnelle  avec  un  echantillon  liquide  et  avec  des  reactifs  marqueurs 
necessaires  pour  produire  ladite  reaction  visuellement  detectable  ;  et 

40  c)  observer  ladite  zone  reactionnelle  ou  s'aff  ichent  ledit  premier  symbole  et  ledit  symbole  interactif. 

13.  Procede  selon  la  revendication  12,  caracterise  en  ce  que  ledit  symbole  interactif  est  interprets  comme 
etant  un  resultat  positif  valide  indiquant  la  presence  de  ladite  substance  a  analyser. 

45  14.  Procede  selon  la  revendication  12,  caracterise  en  ce  que  ledit  premier  symbole,  en  I'absence  dudit  second 
symbole,  est  interprets  comme  etant  un  resultat  negatif  valide  pour  ladite  substance  a  analyser. 

15.  Procede  selon  la  revendication  12,  caracterise  en  ce  qu'il  comprend  les  etapes  consistant  a  fournir  la  zone 
reactionnelle  situee  sur  une  substance  poreuse  et  a  mettre  en  contact  ladite  zone  reactionnelle  avec  des 

so  gouttes  appliquees  une  a  une  de  I'echantillon  liquide  et  des  reactifs  utilises  au  cours  du  dosage. 

16.  Procede  selon  la  revendication  12,  caracterise  en  ce  qu'il  comprend  I'etape  consistant  a  fournir  une  zone 
temoin  positive  (32)  ayant  la  forme  d'un  symbole  "-"  capable  de  representer  un  resultat  negatif  valide. 

17.  Procede  selon  la  revendication  12,  caracterise  en  ce  qu'il  comprend  en  outre  I'etape  consistant  a  fournir 
55  la  zone  de  fixation  de  la  substance  a  analyser  (34)  formee  sur  la  surface  reactionnelle  sous  la  forme  d'au 

moins  une  barre  orientee  perpendiculairement  a  la  barre  rectangulaire  de  la  zone  temoin  positive  (32), 
de  sorte  que  le  symbole  forme  par  la  zone  de  fixation  de  la  substance  a  analyser  (34)  associe  au  symbole 
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"-"  aff  iche  dans  la  zone  temoin  positive  (32)  donne  un  symbole  "+"  qui  est  le  symbole  interactif  represen- 
tant  un  resultat  positif  valide. 

Procede  selon  la  revendication  12,  caracterise  en  ce  qu'il  comprend  I'etape  consistant  a  fournir  la  zone 
temoin  positive  (32)  et  la  zone  de  fixation  de  la  substance  a  analyser  (34)  orientees  de  facon  a  etre  ad- 
jacentes  dans  la  zone  reactionnelle. 

Procede  selon  la  revendication  12,  caracterise  en  ce  qu'il  comprend  I'etape  consistant  a  fournir  une  zone 
temoin  positive  (32)  contenant  le  reactif  de  fixation  immobilise  destine  a  la  fixation  du  marqueur. 
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